Electromyographic activities of masseter muscles during speech were measured without pain in myalgia patients. The mean power frequency during speech was significantly higher in the patient group than the control group, suggesting that speech is a more suitable task than clenching when measuring masseter muscle fatigue in patients with facial pain.
Introduction
Chewing, 1,2 clenching 3-12 and tapping 13, 14 movements are usually performed when masticatory muscle function is electromyographically evaluated. However, since these tasks are likely to cause pain in myalgia patients, and the occlusal condition can affect the electromyographic activities (EMG), 8 these tasks are not necessarily suitable for measuring masticatory muscle fatigue. Our final goal is to develop a method for judging therapeutic gain by objectively evaluating masticatory muscle fatigue with no pain and no influence of the occlusal condition. To reach this goal, we are studying if the speech movement can be an alternative test movement to chewing, clenching or tapping. In this pilot study we evaluated the EMG activities of masseter muscles during speech in myalgia patients and compared the activities with those in normal subjects.
Materials and methods
The control group consisted of 6 subjects (3 males and 3 females, mean age 25.8 yrs), and the patient group consisted of 6 myalgia patients (6 females, mean age 29.5 yrs). Pain on palpation of the masseter muscle was evaluated on a point scale of 0-3; 0 (no pain), 1 (tender or sore feeling), 2 (clear pain), and 3 (severe pain with escape response). There was no significant difference in the age between the two groups (P =.264). Of patients with total scores of 0-6, patients with scores of 4 or more were defined as having myalgia. This study was approved by the ethical committee of Osaka University Graduate School of Dentistry and informed consent was obtained from all subjects and patients prior to entering the study.
A short Japanese sentence (Niwa No Ishigaki Ni Sotte Iki-iki To Saku Kiku No Hana No Mae De Shibashi Tachidomarareta) was used as the test sentence. This is one of the test sentences that our department developed for the kinesiological assessment of jaw movement. 15, 16 Since it has been reported that muscle activity was positively correlated with speech rate and intensity, 17 the reproducibility of muscle activities during speech of this test sentence was preliminarily evaluated prior to starting the present study using 8 healthy volunteers (7 males, 1 female). The EMGs during the speech of this test sentence were recorded on two non-consecutive days. The reproducibility of the mean power frequency (MPF) and integrated electromyograms (IEMGs) findings (i.e. intraclass correlation coefficients, ICC) were .674 and .680, respectively.
The bilateral EMG of masseter muscles were recorded using bipolar surface electrodes (DEL-SYS ® , DELSYS Inc.) and a computer-based EMG analyzer (UAS-108, UNIQUE MEDICAL Co. Ltd.) during a series of experimental sessions: rest (30 s) / speech / rest (30 s) / maximum voluntary contraction (MVC, 5 s). This sequence was determined based on a preliminary test to shorten the experiment time and not to induce muscle fatigue during the experiment. It was confirmed that the EMG activities during speech returned to the EMG activities of the baseline within 30 s, while the EMG activities during MVC did not return to the EMG activities of the baseline within 30 s. The EMG signals were sampled at 1,000 Hz and filtered with band pass between 10 Hz and 490 Hz. Each subject was seated on a chair with the head unsupported and relaxed. The test sentence was set up in front of a subject so that the subject could read it. The surface electrodes were cleaned with 80 % alcohol swabs and placed on the center of the belly of bilateral masseter muscles. The electrode housing was constructed with a waterproof polyurethane plastic case, which was internally shielded to reject ambient electrical noise. The electrode contacts were made from 99.9 % pure silver bars measuring 10 mm in length, 1 mm in diameter and spaced 10 mm apart for optimal signal detection. The ground electrode was attached to an earlobe. For speech movement, the entire duration of data during speech was analyzed. For MVC, an arbitrary 1 s of the 5 s recording was analyzed. We used MPF (Hz) [4] [5] [6] [7] [8] 10, 11 for qualitative analysis and IEMG (µ V•s) 1, 8 for quantitative analysis. The EMG signals were rectified and integrated. The IEMG was converted into common logarithm to facilitate comparison of data in sight. Since no significant difference was found in MPF and IEMG between left and right sides, the mean value of MPF and IEMG on both sides was subjected to analysis. In the frequency domain analysis, 2048-point running FFTs (Fast Fourier Transforms) was used with a Hanning window. IEMG and MPF were statistically compared between the two groups with t-test and Pearson's product moment correlation coefficient using SPSS ® 14.0J. The level of significance was set at α=.05.
Results
The mean time required for speech was 5.1 s in the healthy control group and 6.2 s in the myalgia patient group. There was no significant difference in the time between the two groups (P=.114). No significant difference was found in IEMG during speech between the two groups (P =.835, Fig. 1 ), while the myalgia patient group showed significantly lower IEMG than the control group during MVC (P=.004, Fig. 1 ). MPF during speech was significantly higher in myalgia patients (P=.040, Fig. 2 ). The same tendency was also observed in MPF during MVC, but the difference was not significant (P=.068, Fig. 2 ). In the control group, strong positive correlations were found between MPFs during MVC and speech (r=.929, P=.007, Fig. 3) , and between IEMGs during MVC and speech (r=.822, P=.045, Fig. 4 ). On the other hand, no such correlations were observed in the myalgia patients (MPF: r =.680, P =.137, Fig. 3 , and IEMG: r=−.210, P=.690, Fig. 4 ).
Discussion

MPF during MVC
It has been reported that MPF during MVC shifted to lower frequencies [4] [5] [6] [7] [8] and this phenomenon has been considered to represent muscle fatigue. Since most myalgia patients in this study report-ed muscle fatigue or pain, it was expected that MPF would be significantly lower in the myalgia patient group than in the control group during MVC. However, the results of this study revealed that MPF during MVC was slightly higher in the myalgia patient group than in the control group, although the difference was not significant. The bite force during MVC has been reported to be lower in the TMD patients than in the control groups. 3, 5, 8, 9 In addition, with increasing bite force magnitude, a significant negative trend of MPF has also been reported for the masseter. 5 In the present study, although the bite force was not recorded, we expected that myalgia patients would not be able to bite at maximum force due to muscle pain. In fact, the IEMG during MVC was significantly lower in the myalgia patient group than in the control group. The significant difference of IEMG between the two groups could result in lower bite force, and hence, a slightly higher MPF in the myalgia patient group.
MPF during speech
The differences in MPF during speech between the myalgia patient group and the healthy control group have never been reported. In the pres- ent study, the myalgia patient group showed significantly higher MPF than the control group, although there was no significant difference in IEMG between the two groups. No subjects felt pain during speech, which was entirely different than when it was during MVC. This may explain why no significant difference was found in IEMG during speech between the two groups. Although it is difficult to determine the reasons for higher MPF during speech in myalgia patients, it could be supposed that in myalgia patients some changes in the recruitment pattern or rate coding of motor units may have taken place during speech, probably due to muscle fatigue or a dysfunction of the masseter. In myalgia patients, masseter muscles could be under fatigue because of nocturnal or diurnal clenching. 4, 12 Since these parafunctional activities almost does not come up to a little less than 50%MVC, 4, 12, 18 the type 1 fibers and the type 2 fibers are not all recruited at the same time, rather, the type 1 fibers are mainly recruited. 5 It could be supposed that in myalgia patients the number of firing type 1 fibers decreased because of fatigue, and were covered instead by more type 2 fibers being recruited or increased firing rate of the type 2 fibers. In fact, Wretling et al(1987) 19 showed that as the percentage of type 1 fibers decreased, MPF increased in the vastus lateralis muscle. The change of the firing fiber type proportion might explain why MPF during speech was significantly higher in myalgia patients. These results showed that MPF during speech was higher in the myalgia patient group than in the control group, although there was no significant difference in IEMG between the two groups, which also suggests that speech may therefore be a potentially effective and lowinvasive test movement for measuring the muscle fatigue in myalgia patients.
Correlation between MVC test and speech test
In the control group, a significant positive correlation was found between MPFs during MVC and speech (Fig. 3) , and a similar correlation was also found between IEMGs during MVC and speech (Fig. 4) . These results show that, in the control group, the higher IEMG and MPF during MVC are associated with the higher IEMG and MPF during speech. It is thus suggested that, in healthy subjects, similar results can be obtained both in MVC and speech. In other words, speech movement is as appropriate as MVC in assessing the EMG activities of masseter muscles in healthy subjects. On the other hand, no such correlation was found in the myalgia patient group. The results mean that patients who show high IEMG and MPF during MVC do not always show high IEMG and MPF during speech in myalgia patients. In figures 3 and 4, it can be recognized that both MPF and IEMG during MVC distribute within a small range in the patient group. The finding can probably be explained by the weak occlusal force during MVC in most myalgia patients. On the contrary, MPF and IEMG during speech distribute in a broader range and show significant variations among subjects both in the patient and control groups. These findings show the possibility that, as a test movement, speech might reflect individual muscle function more specifically than MVC. In addition, speech movement is not likely to produce pain during mandibular movements. Therefore, speech movement may be more appropriate than MVC when electromyographically assessing the muscle fatigue, especially in myalgia patients.
In the present study, the sex ratio was not matched and the number of samples is small. A further study investigating age-and sexmatched groups with a greater sample size is going to be reported in the near future.
Conclusion
While there was no significant difference in MPF during MVC between myalgia patients and control subjects, MPF during speech was significantly higher in myalgia patients. The result may suggest the possibility that masticatory muscle fatigue can be objectively measured by MPF during speech. Further study is needed to prove this possibility.
